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Description
Field of the invention
[0001] The invention relates to a method for manufac-
turing a single crystal nano-wire.
Background of the invention
[0002] Over the past decade, there has been increas-
ing interest in nano-scale devices due to their large sur-
face to volume ratio and other unique properties. Fabri-
cation of silicon nano-wire has been classified as either
bottom-up or top-down. Silicon nano-wire devices made
with bottom-up techniques are of high quality and high
yield, but this technique lacks a suitable method to define
wire positions and to form contacts in specific locations.
It is difficult to form silicon nano-wires into functional de-
vice arrays. On the other hand, top-down silicon nano-
wire fabrication uses standard techniques for semicon-
ductor manufacturing. Nano-scale patterning is typically
done with deep-UV lithography or e-beam lithography,
followed by reactive ion etching or anisotropic wet etching
to transfer nano-patterns on silicon-on-insulation (SOI)
wafers. However, until recently, these techniques were
not suitable for providing well defined planes of nano-
wires.
[0003] A top-down silicon nano-wire fabrication proc-
ess has been described by Hashigushi and Mimura
("Fabrication of Silicon Quantum Wires Using Separation
by Implanted Oxygen Wager", Jap. J. Appl. Phys. Vol 33,
1994). In this document the combination of anisotropic
etching and local oxidation of silicon techniques is pro-
posed. The triangular cross-sectional dimensions of the
silicon nano-wire are determined solely by the thickness
of the used SOI layer. The document describes that a
SOI layer may be provided with a thickness of 160 nm.
After a 250 nm thick SiO2 layer was grown by thermal
oxidation, a thinner SOI layer of about 50 nm was ob-
tained by removing the oxide layer. Fabrication of silicon
quantum wires with dimensions of 50 nm was reported.
[0004] However, the manufacturing of nano-wires with
smaller dimensions are desired, since smaller na-
no-wires will have different properties. For example, it is
known that silicon nano-wire sensitivity to surface poten-
tial increases greatly when their size is reduced from 200
nm to 50 nm and is expected to reduce even further when
the dimensions of the nano-wire are reduced further.
"Coulomb blockade oscillations at room temperature in
a Si quantum wire metal-oxide-semiconductor field-ef-
fect transistor fabricated by anisotropic etching on a sil-
icon-on-insulator substrate" Applied physics letters, AIP,
American institute of physics, Melville, NY, Vol. 68, nr.
25, June 17, 1996, pages 3585 - 3587 discloses a fabri-
cation process of quantum wire MOSFET on a separa-
tion-by-implanted-oxygen substrate using anisotropic
etching and selective oxidation.
Summary of the invention
[0005] The objective of this invention is to provide an
improved method enabling the manufacturing of a single
crystal nano-structure. To achieve this objective a meth-
od for manufacturing a single crystal nano-structure is
provided, comprising the following steps:
a) providing a device layer with a 100 structure on a
substrate;
b) providing a stress layer onto the device layer;
c) patterning the stress layer along the 110 direction
of the device layer;
d) selectively removing parts of the stress layer to
obtain exposed parts of the device layer;
e) plane dependent etching of the exposed parts of
the device layer to obtain an exposed 111 faces of
the device layer;
f) thermally oxidizing the exposed 111 face of the
device layer and forming a lateral oxidation layer at
an interface of the device layer and the stress layer;
g) providing a mask layer onto the oxidized exposed
111 face of the device layer;
h) removing remaining parts of the stress layer to
obtain further exposed parts of the device layer;
i) removing the mask layer;
j) plane dependent etching of the further exposed
parts of the device layer to form a single crystal na-
no-structure with a triangular shaped cross section,
until a side of the triangular shaped cross section
being coplanar to a side of a cross section of the
oxidized exposed 111 face is small in comparison
with said side of the cross section of the oxidized
exposed 111 face.
[0006] First a device layer with a 100 structure on a
substrate is provided. In embodiments of the method ac-
cording the invention this device layer may e.g. comprise
a 100 p-type silicon wafer or a 100 n-type silicon wafer.
[0007] Then, a stress layer is provided onto the device
layer. An advantage of the stress layer may be that it will
prevent the formation of dislocations in the device layer
due to stress. This stress is generated by the volume
expansion of an oxide layer during thermal oxidation
steps (see below). In case of a silicon device layer, the
stress layer may comprise a silicon nitride layer. An ad-
vantage of the use of a silicon nitride layer is that the
oxidation behaviour at the interface of the silicon device
layer and the silicon nitride stress layer is well understood
and reproducible.
[0008] Next, the stress layer is patterned along the 110
direction of the device layer and parts of the stress layer
are selectively removed to obtain exposed parts of the
device layer. The stress layer can also act as a mask
during the subsequent step of plane dependent etching
of the exposed parts of the device layer to obtain an ex-
posed 111 face of the device layer.
[0009] Then, the exposed 111 face of the device layer
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is thermally oxidized and a lateral oxidation layer at an
interface of the device layer and the stress layer is
formed. An advantage of the oxidized exposed 111 face
of the device layer and the lateral oxidation layer may be
that they form a protection layer for the nano-structure
during a following step of plane dependent etching.
[0010] After oxidation, a mask layer is provided onto
the oxidized exposed 111 face of the device layer. Then,
the remaining parts of the stress layer are removed to
obtain further exposed parts of the device layer and the
mask layer is removed.
[0011] In the next step, plane dependent etching of the
further exposed parts of the device layer is carried out to
form a single crystal nano-structure with a triangular
shaped cross section. This process continues until a side
of the triangular shaped cross section being coplanar to
a side of a cross section of the oxidized exposed 111
face is small in comparison with said side of the cross
section of the oxidized exposed 111 face.
[0012] An advantage of continuing the plane depend-
ent etching may be that it enables a size reduction of the
nanostructure. First a single crystal nano-structure with
a triangular shaped cross section is formed with about
the same dimensions as the oxidized exposed 111 face.
When plane dependent etching is continued, the size of
the single crystal nano-structure is further reduced in a
recessed location between the oxidized exposed 111
face and a layer on which the device layer is provided.
In an embodiment, the size can be reduced until the side
of the triangular shaped cross section being up against
a side of a cross section of the oxidized exposed 111
face is smaller than half the side of the cross section of
the oxidized exposed 111 face.
[0013] An advantage of the method according to the
invention may be that it enables fabrication of nano-struc-
tures with lateral dimensions down to 20 nm, The method
can be applied using conventional micro-scale photoli-
thography and fabrication processes.
[0014] Yet another advantage of the method according
to the invention may be that it enables the implantation
of dopants in a thicker region as well as doping the na-
no-structure, as is discussed below.
[0015] In another embodiment of the method accord-
ing to the invention the thickness of the provided device
layer is more than 50 nm, or is in the range 200-400 nm.
This thickness of the provided device layer enables the
removal of an initial ion-implantation region after ion-im-
plementation. This initial ion-implantation region may
have been damaged during the ion-implantation.
[0016] In yet another embodiment a thickness of the
stress layer is less than 100 nm, or is in the range 80-40
nm, or is about 50 nm. An advantage of this thickness
may be that it ensures that residual stress of the stress
layer is low. Stress may be higher for thicker films. If the
stress in the stress layer is too large, the device layer
may be damaged, for example by induced dislocation in
the crystal during oxidation steps.
[0017] In another embodiment, the silicon nitride layer
stress layer may be deposited for example by low-pres-
sure chemical vapor deposition or by plasma enhanced
chemical vapor deposition.
[0018] In an embodiment of the method according to
the invention, parts of the stress layer are selectively re-
moved by reactive-ion etching.
[0019] In another embodiment, the plane dependent
etching of the exposed parts of the device layer to obtain
an exposed 111 faces of the device layer plane compris-
es comprises using a dilute tetramethyl ammonium hy-
droxide etching solution or a potassium hydroxide etch-
ing solution. An advantage of using a dilute tetramethyl
ammonium hydroxide etching solution may be that is
compatible with CMOS fabrication processes and that
etching with this solution may be well controlled.
[0020] In another embodiment, the step of providing a
mask layer onto the oxidized exposed 111 face of the
device layer comprises depositing a polycrystalline sili-
con layer. An advantage of depositing a polycrystalline
silicon layer may be that it effectively forms a mask with-
out damaging the surface of the exposed 111 face of the
device layer.
[0021] In another embodiment, the remaining parts of
the stress layer are removed using a 60 degrees Celsius
phosphoric acid etching solution.
[0022] According to an embodiment of the method ac-
cording to the invention, the step of plane dependent
etching of the further exposed parts of the device layer
to form a single crystal nano-structure with a triangular
shaped cross section, comprises using a dilute tetrame-
thyl ammonium hydroxide etching solution or a potassi-
um hydroxide etching solution. In an embodiment, the
etching solution has a temperature of a 180 degrees Cel-
sius.
[0023] An advantage of using these etching solutions
may be that its working may be controlled precisely to
enable controlling the reduction of the size of the na-
no-structure.
[0024] In a further embodiment, the method compris-
ing the step of controlling the device layer conductivity.
This may be achieved by implanting ions before a stress
layer has been provided, thermal annealing during the
fabrication process and removing an initial ion-implanta-
tion region during the step of plane dependent etching
of the further exposed parts of the device layer, to form
a single crystal nano-structure with a triangular shaped
cross section.
[0025] An advantage of the thermal annealing may be
that it enables the implanted ions to be electrically active
by interstitial substitution in the silicon lattice. Another
advantage may be that it enables redistribution of the
implanted ions throughout the entire material, which yield
a uniform distribution of implanted ions everywhere in
the structure.
[0026] An advantage of the removal of an initial ion-im-
plantation region may be that the device layer conduc-
tivity may be controlled without concern for damage to
the nano-structure. After all, the region that may be dam-
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aged by the ion implementation is removed.
[0027] In another embodiment of the invention, the
method comprises further the step of providing a gate
dielectric. This step may comprise the steps of providing
an oxide layer onto 111 surfaces with a thickness of 10-20
nm and thermal annealing in an N2 atmosphere. An ad-
vantage of these steps may be that the fixed charge is
the oxide layer is minimized.
[0028] In yet another embodiment, the method further
comprises the step of providing an electrical contact, This
step may comprise the steps of selectively removing
parts of the stress layer to form contact areas, providing
a metal layer on the contact areas and thermal annealing.
Advantageously, these steps will result in a good contact
between the nano-structure and the metal layer, while
the interface states are passivated. Furthermore, micro
scale electrical contacts may be provided by convention-
al photolithography.
[0029] In another embodiment, the device layer may
comprises a 100 p-type germanium wafer or a 100 n-type
germanium wafer.
Brief description of the drawings
[0030] Further advantageous embodiments of the
method according to the invention are described in the
claims and in the following description with reference to
the drawing, in which:
Figure 1 shows three examples of atomic planes in
a crystal lattice with its Miller indices;
Figures 2 depicts schematically a cross section of a
device layer, in reference to which an embodiment
of the method according to the invention is de-
scribed;
Figure 3 depicts schematically a cross section of the
device layer of figure 2 with a stress layer;
Figure 4 depicts schematically a cross section of the
device layer of figure 3 with exposed 111 faces;
Figure 5 depicts schematically a cross section of the
device layer of figure 4 with oxidized exposed 111
faces;
Figure 6 depicts schematically a cross section of a
device layer of figure 5 with an enlarged portion of a
lateral oxidation layer;
Figure 7 depicts schematically a cross section of a
device layer of figure 6 after removal of parts of the
stress layer;
Figure 8 depicts schematically a cross section of a
device layer during step of plane dependent etching;
Figure 9 depicts schematically a size reduction of a
cross section of a nano-structure and an enlarge-
ment of a protective lateral oxidation layer;
Figure 10 depicts schematically a cross section of a
nano-structures with rounded tips, in reference to
which an embodiment of the method according to
the invention is described;
Figure 11 depicts schematically a top view of a na-
no-structure, in reference to which an embodiment
of the method according to the invention is de-
scribed;
Figure 12 depicts schematically a cross section of a
nano-structure, in reference to which an embodi-
ment of the method according to the invention is de-
scribed;
Figure 13 depicts schematically a cross section of
figure 12 with electrical contacts, in reference to
which an embodiment of the method according to
the invention is described.
Detailed description of the invention
[0031] In the following, the term 100 (and other terms
with three numbers) refers to three Miller indices in a row,
which together form a symbolic vector representation for
the orientation of an atomic plane in a crystal lattice. In
figure 1, atomic planes of with a 100, a 110 and a 111
Miller reference are depicted. Thus, throughout this doc-
ument the following applies: the term "a 100 structure"
may refer to a crystal lattice structure with an atomic plane
with a 100 orientation. It may also be referred to as a 100
crystal lattice structure. The term "a 110 direction" may
refer to a direction of a 110 orientation of an atomic plane
in a crystal lattice. The term "a 111 face" may refer to a
face with a 111 orientation of an atomic plane in a crystal
lattice.
[0032] An element of the invention is the use of plane
dependent etching (PDE). An electrochemical model has
been proposed to explain the plane dependent etching
behaviour due to small differences in the energy levels
of the back-bond surface states as functions of crystal
orientation. This model indicates, for example, that two
silicon back-bonds must be broken to etch the 100 and
110 surfaces and three for the 111 surface. From the
model, it also follows that R(110) <R(100) <R(111), with
R being the etch rate of the particular surface. This rela-
tionship has been found in measured etch rates for alka-
line etching solutions. Typical PDE etch ratios for potas-
sium hydroxide (KOH) at room temperature are R(110)
/R(111 ) ~ 160 and R(100) /R(111) ~100, and for tetra
methyl ammonium hydroxide (TMAH) at 60°C are R(110)
/R(111) ~ 40 and R(100) /R(111) -20 common.
[0033] Figure 2 depicts a device layer 21 on an isolator
23 according to the invention. This can be a p-type 100
SOI (silicon on isolator) wafer, for example a silicon im-
planted with oxygen, as is made by SIMOX, Ibis, Inc.,
U.S.A. or a so-called UNIBOND made by SOITEC,
Bernin, France. In figure 2, a stress silicon nitride (SiN)
layer 22 has been deposited onto the silicon device layer.
This can be done by low-pressure chemical vapor dep-
osition (LPCVD). A thin (<100 nm) low-stress silicon ni-
tride layer is required to prevent the formation of dislo-
cations in the silicon layer due to stress generated by the
volume expansion of the silicon dioxide layer during fol-
lowing thermal oxidation steps. The silicon nitride layer
is lithographically aligned to the 110 crystal direction of
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the wafer, patterned with mask 24 and selectively re-
moved with reactive-ion etching (RIE). The result is
shown in figure 3, where the exposed parts of the device
layer are indicated by 31. Lithography alignment errors
may be less than 1 degree. The 110 crystalline planes
may be aligned with the wafer flat within 60.5 degrees
as specified in the ASTM wafer standards.
[0034] The exposed parts of the device layer are then
etched, for example in a dilute tetramethyl ammonium
hydroxide (5% TMAH, C4H13NO) etching solution. The
100 planes etch far more faster than the 111 planes,
which results in a trapezoidal silicon region with sidewall
angles of 54.74 degrees, precisely determined by the
crystal structure of the silicon lattice, as can been in figure
4. An exposed 111 face of the device layer is indicated
by 41.
[0035] In the next step, the exposed 111 faces of the
device layer are thermally oxidized, for example in a dry
environment of 950 degrees Celsius for 15 min. This re-
sults in a oxidized exposed 111 face of the device layer
51 as can be seen in figure 5. Also a lateral oxidation
layer at an interface of the device layer and the stress
layer is formed. In figure 6 the lateral oxidation layer has
been depicted enlarged. The lateral oxidation in the x-di-
rection provides a uniform oxide layer along the z-direc-
tion on the silicon surface, with a buffer oxide thickness
d between the silicon and the stress layer. The length I
of the lateral oxidation layer is controlled by a starting
oxide thickness d between the silicon and the stress lay-
er, an oxidation time and an oxidation temperature. The
layer may have a length up to 50 nm, but a larger lateral
oxidation layer may inhibit the following PDE step.
[0036] In a next step, the stress layer is selectively re-
moved. First a patterned 50-nm-thick polycrystalline sil-
icon (polysilicon) etch mask is provided by using, for ex-
ample, low-pressure chemical vapor deposition. An ad-
vantage of the polysilicon layer may be that it covers all
surfaces at the interface of the device layer and the stress
layer and it has relatively high etch selectivity compared
to the stress layer. When stress layer is etched by using
a hot phosphoric acid (85% H3PO4) at 180 degrees Cel-
sius, the patterned stress layer is removed with minimal
damage to the exposed 111 silicon surfaces. The result
of this step is depicted in figure 7.
[0037] During a second plane dependent etching step
with for example a dilute tetramethyl ammonium hydrox-
ide (5% TMAH, C4H13NO) etching solution at 60 de-
grees Celsius, a single crystal nano-structure with a tri-
angular shaped cross section is formed, which is depict-
ed in figure 8. The oxidized exposed 111 face on one
side of the structure acts as an etch mask. When the
plane dependent etching continues, the size of the single
crystal nano-structure will be reduced while the cross
section stays triangular shaped. This process can be
seen in figure 9. The lateral oxidation layer prevents etch-
ing of the 100 planes because all dangling silicon bonds
have been terminated with oxygen from the thermal ox-
idation step. As can be seen, side 91 of the triangular
shaped cross section is coplanar to cross section 92 of
the oxidized exposed 111 face. After the second plane
dependent etching step, side 91 is small in comparison
with side 92. The single crystal nano-structure is re-
cessed in the oxidized exposed 111 face.
[0038] The size reduction etch rate can be changed by
reducing the process temperature. With a lower temper-
ature and therefore lower etch rate, control of the final
device dimensions can be improved.
[0039] An advantage of this method for manufacturing
a single crystal nano-structure may be that in the same
single crystal device layer, electrical contact regions may
be formed on a thick device layer part (-200 nm), while
the size of the single crystal nano-structure is reduced
to the desired dimensions in the thin silicon layer (-20
nm). The top-down fabrication of single crystal nano-
structures commonly known in the art begins by thinning
the SOI device layer to the desired thickness of the final
device. Therefore, the single crystal nano-structure and
the electrical contact regions have the same small thick-
ness, which can lead to high contact resistances.
[0040] The device layer conductivity can be controlled
by implanting ions and thermal annealing. For example,
atoms (e.g. B, P, As) can be implanted in the silicon layer,
before a stress layer has been provided. Thermal an-
nealing takes place during the whole fabrication process.
For controlling the device layer conductivity, a so-called
"thermal budget" can be calculated during each step of
the process. The process may for example be modelled
in a commercial software package (for example Suprem)
that allows prediction of the final dopant profiles at the
end of the fabrication process. Another way of controlling
the device layer conductivity, is the use of spin-on do-
pants.
[0041] Another advantage of the method according to
the invention is the removal of the initial ion-implantation
region. For example, an initial silicon device layer with a
thickness of 200 nm is implanted with BF2+ ions at an
average energy of 20 keV and a wafer angle of 7°. In that
case any crystal damage caused by the implantation is
contained primarily in the first 100 nm of the silicon device
layer. Subsequent thermal annealing results in the redis-
tribution of the dopants and electrical activation through-
out the entire thickness of the silicon device layer. The
initial ion-implantation region is then removed during the
etching steps from the resulting single crystal nano-struc-
ture.
[0042] For applications requiring a gate dielectric, a
thin oxide layer (10-20 nm) may be grown on an exposed
111 surface of the singe crystal nano-structure, that is
indicated by 81 in figure 10. After growing the thin oxide
layer, the tip of the single crystal nano-structure is round-
ed as can be seen in figure 10. The wafer may then be
annealed in an N2 atmosphere (900 degrees Celsius for
30 min) in order to form a uniform doping concentration,
to electrically activate the dopants and to minimize the
fixed charge in the oxide layer.
[0043] Figure 11 depicts a top view of the single crystal
7 8 
EP 2 465 137 B1
6
5
10
15
20
25
30
35
40
45
50
55
nano-structure. Previous figures have depicted
cross-sections at the A-A’ -line, while figure 12 and 13
show a cross section at the B-B’ - line.
[0044] In another embodiment of the method accord-
ing to the invention, electrical contacts are provided. First,
parts of the stress layer are removed using reactive ion
etching. It may be advantageous to provided the electri-
cal contacts on parts of the single crystal nano-structure
which have not been etched by the plane dependent etch-
ing process. The fact that those parts are thicker than
the parts which have been etched by the plane dependent
etching process, may provide several advantages. The
electrical contacts may have a low-resistance contact
with the nano-structure. Furthermore, the electrical con-
tacts may have micro scale dimensions and may there-
fore be form with conventional photolithography.
[0045] Also, a part of the isolator (i.e. the buried oxide
layer) in the substrate is exposed using a buffered hy-
drofluoric acid wet etch. Then a 400-nm layer of a metal,
for example AI, is deposited on the contact area formed
by the exposed parts of the single crystal nano-structure
and the exposed parts of the buried oxide layer. In order
to form a good contact between the nano-structure and
the metal layers and to passivate the interface states,
the wafer is annealed in a N2 atmosphere with 5% H2,
during 10 minutes at 400 degrees Celsius.
[0046] As required, detailed embodiments of the
present invention are disclosed herein; however, it is to
be understood that the disclosed embodiments are mere-
ly exemplary of the invention, which can be embodied in
various forms. Therefore, specific structural and function-
al details disclosed herein are not to be interpreted as
limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the present invention in virtually any
appropriately detailed structure. Further, the terms and
phrases used herein are not intended to be limiting, but
rather, to provide an understandable description of the
invention. The mere fact that certain measures are recit-
ed in mutually different dependent claims does not indi-
cate that a combination of these measures cannot be
used to advantage.
Claims
1. Method for manufacturing a single crystal nano-
structure comprising the steps of:
a) providing a device layer (21) with a 100 ori-
entation on a substrate;
b) providing a stress layer (22) onto the device
layer;
c) patterning (24) the stress layer along the 110
direction of the device layer;
d) selectively removing parts of the stress layer
(22) to obtain exposed parts (31) of the device
layer;
e) plane dependent etching of the exposed parts
(31) of the device layer to obtain an exposed
111 faces of the device layer (41);
f) thermally oxidizing the exposed 111 face of
the device layer (41) and forming a lateral oxi-
dation layer at an interface of the device layer
and the stress layer;
g) providing a mask layer onto the oxidized ex-
posed 111 face of the device layer (51);
h) removing remaining parts of the stress layer
(22) to obtain further exposed parts of the device
layer;
i) removing the mask layer;
j) plane dependent etching of the further ex-
posed parts of the device layer to form a single
crystal nano-structure with a triangular shaped
cross section, until a side (91) of the triangular
shaped cross section being coplanar to a cross
section of the oxidized exposed 111 face is small
in comparison with said side (92) of the cross
section of the oxidized exposed 111 face.
2. Method according to claim 1 wherein the side of the
triangular shaped cross section being up against a
side of a cross section of the oxidized exposed 111
face is smaller than half the side of the cross section
of the oxidized exposed 111 face.
3. Method according to one of claims 1-2 wherein the
device layer (21) comprises a 100 p-type silicon wa-
fer or a 100 n-type silicon wafer.
4. Method according to one of claims 1-3, wherein a
thickness of the provided device layer is more than
50 nm, or is in the range 200-400 nm.
5. Method according to one of claims 3-4, wherein the
stress layer (22) comprises a silicon nitride layer.
6. Method according to one of claims 3-5, wherein a
thickness of the stress layer (22) is less than 150
nm, or is in the range 100-40 nm, or is about 50 nm.
7. Method according to one of claims 5-6, wherein step
b) comprises depositing the silicon nitride layer by
low-pressure chemical vapor deposition or by plas-
ma enhanced chemical vapor deposition.
8. Method according to one of claims 1-7, wherein step
d) comprises selectively removing parts of the stress
layer (22) by reactive-ion etching.
9. Method according to one of claims 3-8, wherein step
e) comprises using a dilute tetramethyl ammonium
hydroxide etching solution or a potassium hydroxide
etching solution.
10. Method according to one of claims 3-9, wherein step
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g) comprises depositing a polycrystalline silicon lay-
er.
11. Method according to one of claims 3-10, wherein
step h) comprises using a 60 degrees Celsius phos-
phoric acid etching solution.
12. Method according to one of claims 3-11, wherein
step j) comprises using a dilute tetramethyl ammo-
nium hydroxide etching solution or a potassium hy-
droxide etching solution.
13. Method according to one of claims 12-13, wherein
the etching solution has a temperature of a 180 de-
grees Celsius.
14. Method according to one of claims 1-14 further com-
prising the step of
I) controlling a device layer conductivity, com-
prising the steps of
1) implanting ions before step b)
2) thermal annealing during steps b)-k)
3) removing an initial ion-implantation re-
gion during step k)
15. Method according to one of claims 1-15 further com-
prising the step of m) providing a gate dielectric, com-
prising the steps of
1) providing an oxide layer onto 111 surfaces
with a thickness of 10-20 nm
2) thermal annealing in an N2 atmosphere.
16. Method according to one of claims 1-16 further com-
prising the step of n) providing an electrical contact
comprising the steps of
1) selectively removing parts of the stress layer
to form contact areas
2) providing a metal layer on the contact areas
3) thermal annealing
17. Method according to claim 16, wherein the contact
areas are formed on parts of the device layer, cross-
sectional dimensions thereof being larger than the
triangular shaped cross section.
18. Method according to claim 1, wherein the device lay-
er comprises a 100 p-type germanium wafer or a 100
n-type germanium wafer.
Patentansprüche
1. Verfahren zum Herstellen einer Einkristall-Nano-
struktur, die Schritte umfassend:
a) Bereitstellen einer Vorrichtungsschicht (21)
mit einer 100-Orientierung auf einem Substrat;
b) Bereitstellen einer Verspannungsschicht (22)
auf der Vorrichtungsschicht;
c) Strukturieren (24) der Verspannungsschicht
entlang der 110-Richtung der Vorrichtungs-
schicht;
d) selektives Entfernen von Teilen der Verspan-
nungsschicht (22), um freigesetzte Teile (31)
der Vorrichtungsschicht zu erhalten;
e) ebenenabhängiges Ätzen der freigesetzten
Teile (31) der Vorrichtungsschicht, um freige-
setzte 111-Flächen der Vorrichtungsschicht
(41) zu erhalten;
f) thermisches Oxidieren der freigesetzten 111-
Fläche der Vorrichtungsschicht (41) und Ausbil-
den einer lateralen Oxidationsschicht an einer
Schnittstelle der Vorrichtungsschicht und der
Verspannungsschicht;
g) Bereitstellen einer Maskenschicht auf der oxi-
dierten freigesetzten 111-Fläche der Vorrich-
tungsschicht (51);
h) Entfernen übrig gebliebener Teile der Ver-
spannungsschicht (22), um weitere freigesetzte
Teile der Vorrichtungsschicht zu erhalten;
i) Entfernen der Maskenschicht;
j) ebenenabhängiges Ätzen der weiteren freige-
setzten Teile der Vorrichtungsschicht, um eine
Einkristall-Nanostruktur mit einem dreiecksför-
migen Querschnitt auszubilden, bis eine Seite
(91) des dreiecksförmigen Querschnitts, die ko-
planar mit einem Querschnitt der oxidierten frei-
gesetzten 111-Fläche ist, klein im Vergleich mit
der Seite (92) des Querschnitts der oxidierten
freigesetzten 111-Fläche ist.
2. Verfahren gemäß Anspruch 1, wobei die Seite des
dreiecksförmigen Querschnitts, die an eine Seite ei-
nes Querschnitts der oxidierten freigesetzten 111-
Fläche anliegt, kleiner ist als die Hälfte der Seite des
Querschnitts der oxidierten freigesetzten 111-Flä-
che.
3. Verfahren gemäß einem der Ansprüche 1-2, wobei
die Vorrichtungsschicht (21) einen 100 p-Typ Silizi-
umwafer oder einen 100 n-Typ Siliziumwafer um-
fasst.
4. Verfahren gemäß einem der Ansprüche 1-3, wobei
eine Dicke der bereitgestellten Vorrichtungsschicht
mehr als 50 nm beträgt oder in dem Bereich von
200-400 nm liegt.
5. Verfahren gemäß einem der Ansprüche 3-4, wobei
die Verspannungsschicht (22) eine Silizium-Nitrid-
Schicht umfasst.
6. Verfahren gemäß einem der Ansprüche 3-5, wobei
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eine Dicke der Verspannungsschicht (22) kleiner als
150 nm ist oder in dem Bereich von 100-40 nm liegt
oder ungefähr 50 nm beträgt.
7. Verfahren gemäß einem der Ansprüche 5-6, wobei
Schritt b) Ablagern der Silizium-Nitrid-Schicht mittels
niederdruckchemischer Beschichtung oder durch
plasmaverstärkte chemische Beschichtung um-
fasst.
8. Verfahren gemäß einem der Ansprüche 1-7, wobei
Schritt d) selektives Entfernen von Teilen der Ver-
spannungsschicht (22) mittels Reaktivem-Ionen-Ät-
zen umfasst.
9. Verfahren gemäß einem der Ansprüche 3-8, wobei
Schritt e) Verwenden einer verdünnten Tetramethyl-
Ammonium-Hydroxid-Ätzlösung oder einer Kalium-
Hydroxid-Ätzlösung umfasst.
10. Verfahren gemäß einem der Ansprüche 3-9, wobei
Schritt g) Ablagern einer polykristallinen Silizium-
schicht umfasst.
11. Verfahren gemäß einem der Ansprüche 3-10, wobei
Schritt h) Verwenden einer Phosphorsäure-Ätzlö-
sung bei 60°C umfasst.
12. Verfahren gemäß einem der Ansprüche 3-11, wobei
Schritt j) Verwenden einer verdünnten Tetramethyl-
AmmoniumHydroxid-Ätzlösung oder einer Kalium-
Hydroxid-Ätzlösung umfasst.
13. Verfahren gemäß einem der Ansprüche 12-13, wo-
bei die Ätzlösung eine Temperatur von 180°C hat.
14. Verfahren gemäß einem der Ansprüche 1-14, wei-
terhin den Schritt umfassend:
1) Steuern einer Vorrichtungsschicht-Leitfähig-
keit, die Schritte umfassend:
1) Implantieren von Ionen vor Schritt b)
2) thermisches Ausheilen während Schrit-
ten b)-k)
3) Entfernen einer initialen Ionen-Implanta-
tions-Region während Schritt k).
15. Verfahren gemäß einem der Ansprüche 1-15, wei-
terhin den Schritt umfassend:
m) Bereitstellen eines Gate-Dielektrikums, die
Schritte umfassend:
1) Bereitstellen einer Oxidschicht mit einer
Dicke von 10-20 nm auf 111-Flächen
2) thermisches Ausheilen in einer N2-Atmo-
sphäre.
16. Verfahren gemäß einem der Ansprüche 1-16, wei-
terhin den Schritt umfassend:
n) Bereitstellen eines elektrischen Kontaktes,
die Schritte umfassend:
1) selektives Entfernen von Teilen der Ver-
spannungsschicht, um Kontaktgebiete aus-
zubilden
2) Bereitstellen einer Metallschicht auf den
Kontaktgebieten
3) thermisches Ausheilen.
17. Verfahren gemäß Anspruch 16, wobei die Kontakt-
gebiete auf Teilen der Vorrichtungsschicht ausgebil-
det sind, wobei Querschnittsabmessungen von die-
sen größer als der dreiecksförmige Querschnitt sind.
18. Verfahren gemäß Anspruch 1, wobei die Vorrich-
tungsschicht einen 100 p-Typ Germaniumwafer
oder einen 100 n-Typ Germaniumwafer umfasst.
Revendications
1. Procédé pour fabriquer une nanostructure monocris-
talline comprenant les étapes consistant à :
a) disposer une couche de dispositif (21) avec
une orientation 100 sur un substrat ;
b) disposer une couche de contrainte (22) sur
la couche de dispositif ;
c) modeler (24) la couche de contrainte le long
de la direction 110 de la couche de dispositif ;
d) enlever sélectivement des parties de la cou-
che de contrainte (22) pour obtenir des parties
exposées (31) de la couche de dispositif ;
e) attaquer de façon dépendante du plan les par-
ties exposées (31) de la couche de dispositif
pour obtenir des faces 111 exposées de la cou-
che de dispositif (41) ;
f) oxyder thermiquement la face 111 exposée
de la couche de dispositif (41) et former une cou-
che d’oxydation latérale à une interface de la
couche de dispositif et la couche de contrainte ;
g) disposer une couche de masque sur la face
111 exposée oxydée de la couche de dispositif
(51) ;
h) enlever les parties restantes de la couche de
contrainte (22) pour obtenir des parties expo-
sées supplémentaires de la couche de
dispositif ;
i) enlever la couche de masque ;
j) attaquer de façon dépendante du plan les par-
ties exposées supplémentaires de la couche de
dispositif pour former une nanostructure mono-
cristalline avec une section transversale de for-
me triangulaire, jusqu’à ce qu’un côté (91) de la
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section transversale de forme triangulaire étant
coplanaire avec une section transversale de la
face 111 exposée oxydée soit petit par compa-
raison audit côté (92) de la section transversale
de la face 111 exposée oxydée.
2. Procédé selon la revendication 1 dans lequel le côté
de la section transversale de forme triangulaire étant
contre un côté d’un section transversale de la face
111 exposée oxydée est plus petit que la moitié du
côté de la section transversale de la face 111 expo-
sée oxydée.
3. Procédé selon une des revendications 1 à 2 dans
lequel la couche de dispositif (21) comprend une
tranche de silicium de type p 100 ou une tranche de
silicium de type n 100.
4. Procédé selon une des revendications 1 à 3, dans
lequel l’épaisseur de la couche de dispositif produite
est supérieure à 50 nm, ou est dans la plage de 200
à 400 nm.
5. Procédé selon une des revendications 3 à 4, dans
lequel la couche de contrainte (22) comprend une
couche de nitrure de silicium.
6. Procédé selon une des revendications 3 à 5, dans
lequel l’épaisseur de la couche de contrainte (22)
est inférieure à 150 nm, ou est dans la plage de 100
à 40 nm, ou est d’environ 50 nm.
7. Procédé selon une des revendications 5 à 6, dans
lequel l’étape b) comprend le dépôt de la couche de
nitrure de silicium par dépôt chimique en phase va-
peur à basse pression ou par dépôt chimique en pha-
se vapeur activé par plasma.
8. Procédé selon une des revendications 1 à 7, dans
lequel l’étape d) comprend le retrait sélectif de par-
ties de la couche de contrainte (22) par attaque par
ions réactifs.
9. Procédé selon une des revendications 3 à 8, dans
lequel l’étape e) comprend l’utilisation d’une solution
d’attaque d’hydroxyde de tétraméthylammonium di-
luée ou une solution d’attaque d’hydroxyde de po-
tassium.
10. Procédé selon une des revendications 3 à 9, dans
lequel l’étape g) comprend le dépôt d’une couche de
silicium polycristallin.
11. Procédé selon une des revendications 3 à 10, dans
lequel l’étape h) comprend l’utilisation d’une solution
d’attaque d’acide phosphorique à 60 degrés Celsius.
12. Procédé selon une des revendications 3 à 11, dans
lequel l’étape j) comprend l’utilisation d’une solution
d’attaque d’hydroxyde de tétraméthylammonium di-
luée ou une solution d’attaque d’hydroxyde de po-
tassium.
13. Procédé selon une des revendications 12 à 13, dans
lequel la solution d’attaque a une température de
180 degrés Celsius.
14. Procédé selon une des revendications 1 à 14 com-
prenant en outre l’étape consistant à
1) réguler la conductivité d’une couche de dis-
positif, comprenant les étapes consistant à
1) implanter des ions avant l’étape b)
2) effectuer un recuit thermique pendant les
étapes b) à k)
3) enlever une région d’implantation d’ions
initiale pendant l’étape k).
15. Procédé selon une des revendications 1 à 15 com-
prenant en outre l’étape consistant à
m) disposer un diélectrique de grille, compre-
nant les étapes consistant à
1) disposer une couche d’oxyde sur les sur-
faces 111 ayant une épaisseur de 10 à 20
nm
2) effectuer un recuit thermique dans une
atmosphère de N2.
16. Procédé selon une des revendications 1 à 16 com-
prenant en outre l’étape consistant à
n) produire un contact électrique comprenant les
étapes consistant à
1) enlever sélectivement des parties de la
couche de contrainte pour former des zones
de contact
2) disposer une couche de métal sur les zo-
nes de contact
3) effectuer un recuit thermique.
17. Procédé selon la revendication 16, dans lequel les
zones de contact sont formées sur des parties de la
couche de dispositif, les dimensions de section
transversale de celles-ci étant plus grandes que la
section transversale de forme triangulaire.
18. Procédé selon la revendication 1, dans lequel la cou-
che de dispositif comprend une tranche de germa-
nium de type p 100 ou une tranche de germanium
de type n 100.
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